Abstract: Subjects discussed during the Eighth Meeting on Hot Subdwarfs and Related Objects are summarised. In particular, a succinct presentation is given of challenges to stellar evolution arising from recent observations. Mention is also made of topics not covered in the meeting such as the need for small revisions to stellar envelope opacities currently in use. I conclude with a brief discussion of current developments which will influence future hot subdwarf research and necessary initiatives that need to be taken.
Subjects Discussed
and Lynas-Gray (2004) review the development of hot subdwarf research. For more detailed summaries of early work, see Zwicky (1965a,b) and Greenstein (1987) . Much of the work discussed during the Eighth Meeting on Hot Subdwarfs and Related Objects (hereafter sdOB8) reflects advances made since Heber (2016) submitted his review for publication. Excellent contributions to this volume require no elaboration from me and so I confine myself to what I judge to be the more important developments announced in sdOB8 oral contributions, the posters providing supplementary material.
Evolution
Han opened sdOB8 by reminding his audience that most stars are in binaries, as Duchêne & Kraus (2013) review, and evolution depends on initial masses and metallicity of both components as well as their separation; the parameter space so defined can result in a large variety of exotic objects. Mass transfer is a process specific to binary (and multiple) star evolution. Stability of a Roche lobe filling star against mass-loss on a dynamical time scale is determined by its adiabatic response to mass-loss, thresholds which Hjellming & Webbink (1987) explore with polytropic models. More detailed calculations of mass transfer staCorresponding Author: Anthony Eugene Lynas-Gray: Department of Physics, University of Oxford, United Kingdom; Email: aelg@astro.ox.ac.uk bility are given by Ge et al. (2010 Ge et al. ( , 2015 while Pavlovskii & Ivanova (2015) and Pavlovskii et al. (2017) model the asymptotic response of donor stars in interacting binary systems to very rapid mass-loss, characterised by adiabatic expansion throughout their interiors. Han's conclusions were: a) the Roche model may be invalid for extreme mass ratios, b) Roche lobe overflow (RLOF) may be more stable than previously supposed and c) Common Envelope (CE) ejection may be more efficient for red giant -Main Sequence (MS) binaries than for red giant -white dwarf binaries. Binaries which include a hot subdwarf are understood to be a result of binary interaction and its evolutionary consequences; their study, through further observation, is needed to help understand binary evolution in general.
Further consideration of the CE Ejection Channel was given by Chen who summarised the article by Xiong et al. (2017) . Xiong et al. show that CE Ejection Channel subdwarf-B (sdB) stars form two distinct groups. The flashmixing sdBs have almost no H-rich envelope and have the highest effective temperatures while the canonical sdBs have significant hydrogen in their envelopes and are found in all parts of the sdB region of the Hertzsprung Russell Diagram. Convection developing during the first helium flash is the reason for the dichotomy; flash mixing sdBs are produced when the convective region penetrates the H-rich envelope, and canonical sdBs when it does not.
Byrne reported his use of the Modules for Experiments in Stellar Astrophysics (Paxton et al. 2011 , 2013 code to compute evolution tracks for a number of post-CE objects, starting with red giant progenitors, and calculated surface abundances for Zero Age Horizontal Branch Stars with and without diffusion included. Results were compared with Geier (2013) , Schindler et al. (2015) and observation. Geier (2013) points out, however, that the most extreme abundance anomalies cannot be explained with existing models; model sdB star atmospheres need to be stratified if peculiar line shapes are to be explained. Schindler et al. (2015) calculate sdB star structures which are consistent with asteroseismology, but cannot evolve to them using parameters plausible for stellar evolution.
A merger between two helium white dwarfs (Zhang et al. 2017 , and references therein) or between a helium white dwarf and a low-mass hydrogen-burning star (Clausen & Wade 2011) are two channels by which single sdB stars could have formed; the former may be expected to lead to sdB stars with high rotation rates which are not generally observed, an issue which Schwab and Hall sought to address in their presentations. Schwab drew attention to the outward transport of angular momentum on a viscous time-scale in the merged remnant of two helium white dwarfs; outer layers reach the critical rotation speed and, following evolution to the onset of core helium burning, showed that only 10 −4 M ⊙ of hydrogen remain at this stage, ∼10 −2 M ⊙ having been lost. Hall presented a similar analysis, which Hall & Jeffery (2016) discuss in further detail. While Hall demonstrated that the merger of two helium white dwarfs could explain apparently single sdB stars (except EC 22081-1916 and EC 20229-3716) , he drew attention to key questions: are estimates of hydrogen masses in helium white dwarfs realistic, is hydrogen mixed in early stages of the merger and what mixing and burning takes place in the immediate post-merger phase? Turbulent convection models based on the average moment equations of hydrodynamics are a better choice than Böhm-Vitense's (1958) Mixing Length Theory because the effects of generation, dissipation, diffusion and anisotropy may be included. Li (2017) incorporates Li's (2012) k-ω turbulent convection model into stellar evolution calculations and his sdOB8 presentation discussed the specific case of overshooting beyond convective cores in sdB stars; he found that the convective core is enlarged, leading to a complete suppression of semi-convection development. A key problem that Li mentioned is the extent of overshooting, as diffusive overshooting stops at the core boundary. Comparisons with asteroseismic predictions are needed.
Abundances
The apparent absence of a discernible hot subdwarf abundance pattern has been understood to be a consequence of, among other things, diffusion and radiative levitation which Michaud et al. (2011) discuss. Recent progress includes the Drilling et al. (2013) classification of hot subdwarf spectra and Geier's (2013) recognition of a general trend of heavier element enrichment with increasing effective temperature (T e ).
Jeffery began this session with a presentation on heavy metal hot subdwarfs and related objects; he noted the work by Naslim et al. (2011) who find abundances of zirconium, yttrium and strontium in LS IV −14 ∘ 116 to be enhanced by a factor ∼10 4 relative to the Sun. Naslim et al. (2013) report similar enhancements in HE 2359-2844 and HE 1256-2738. UV 0825 + 015 is identified by K2 (Howell et al. 2014 ) observations ) as a variable lead-rich hot subdwarf; as about 100 lines in the blue spectrum are unidentified, the discovery of further abundance enhancements may be anticipated. Jeffery remarked that chemically peculiar subdwarf-O (sdO) stars show g-mode pulsations. According to Jeffery, new theory and recent discoveries point to interesting connections between various chemically peculiar stars as discussed further below.
Schindewolf discussed atmospheric parameters and chemical abundances in CD −31 ∘ 4800, [CW83] 0904−02, LSS 1274 and LS IV +10 ∘ 9 derived using line-blanketed non-LTE model stellar atmospheres and synthetic spectra; these are helium-rich sdO stars (Garrison & Hiltner 1973; Dreizler 1993) and are almost free of hydrogen. CD −31 ∘ 4800 was found to be enriched in nitrogen, characteristic of earlier CNO processing, with other elements having solar abundances.
[CW83] 0904 − 02, LSS 1274 and LS IV +10 ∘ 9 were found to be enriched in carbon and nitrogen, with α-element abundances having a unique nonsolar pattern which is similar in all three stars. Geier et al. (2013) report helium abundances for fortyfour sdB stars, eight of which have shifted He I line wavelengths due to 3 He enrichment. Schneider's sdOB8 presentation reported analyses of high dispersion spectra of nine 3 He-enriched sdB stars using LTE model stellar atmospheres (Kurucz 2005, ATLAS12) and non-LTE Line Formation (Butler & Giddings 1985, DETAIL and SURFACE) calculations. While Schneider recovered Geier et al.'s (2013) atmospheric parameters and helium abundances within error limits, he noted in the case of BD +48 ∘ 2721 that helium is not homogeneously distributed but is vertically stratified; the same issue was also identified in the cases of EC 03591-3232 and EC 12234-2607. Latour presented her extended (Latour et al. 2017a ) non-LTE spectroscopic analysis of the helium-poor hot subdwarf Feige 34, to similar objects: Feige 67 (Becker & Butler 1995) , AGK +81 ∘ 266 (Berger & Fringant 1978) and LS II +18 ∘ 9 (Deleuil & Viton 1992) . Latour et al. (2013 Latour et al. ( , 2015 make an equivalent analysis of BD +28 ∘ 4211, where further details of the method are given. Ultraviolet spectra of Feige 34, Feige 67, AGK +81 ∘ 266 and LS II +18 ∘ 9 are very similar; all four stars have pronounced overabundances of iron (∼ 25 × solar) and nickel (∼ 70 × solar). While PCygni profiles are absent, implying mass-loss rates of < 10 −9 − 10 −10 M ⊙ /yr, far ultraviolet line profiles are rotationally broadened.
Extended Horizontal Branches in Globular Clusters
Tom Brown opened the session with a presentation on ubiquitous discontinuities on horiztonal branches of globular clusters. A lower T e (∼ 11500 K) discontinuity (Grundahl et al. 1998 , 1999 is consistent from cluster to cluster and independent of cluster metallicity, the exceptions (Tailo et al. 2017) being NGC 6388 and NGC 6441 where the G-Jump is observed at T e ∼ 13 − 14000 K. The higher T e discontinuity (Momany et al. 2004, M-Jump) is always found at T e ∼ 20000 K. The near ubiquitous nature of the G-Jump indicates an atmospheric origin which Brown et al. (2016) investigate using data by Piotto et al. (2015) and others; they find the G-Jump to be due to radiative levitation causing a sharp increase in atmospheric metallicity, a decrease in atmospheric helium and a reduced stellar rotation. In his talk, Brown proposed that the M-Jump was a result of a reduction in radiative levitation of metals into the photosphere coupled with the onset of He II surface convection. Randall described her ongoing study of Extreme Horizontal Branch (EHB) stars in the globular cluster ω Cen selected from the list by Castellani et al. (2007) . Latour et al. (2017b) use N IV/N V ionisation ratios to determine T e = 60000 ± 5000 K for the five sdO pulsators Randall et al. (2016) find in ω Cen, placing them within the predicted instability strip. Randall reported new observations made to establish whether the five ω Cen pulsators are unique objects, without counterparts among field pulsating sdO stars (Woudt et al. 2006; Østensen 2012; Kilkenny et al. 2017) or the six pulsators Brown et al. (2013) find in the core of the globular cluster NGC 2808.
Moni Bidin et al. (2008) note the low binary fraction among EHB stars in globular clusters in contrast with the field population, where the corresponding fraction is remarkably high; this difference must be related to different EHB star formation channels operating in the two populations. Furthermore, the above comparison between NGC 2808 and ω Cen above suggests that not all globular clusters form EHB stars in the same way. Moni Bidin's sdOB8 presentation discussed M5865, an apparently unique binary in the globular cluster NGC 6752, as Moni Bidin et al. (2015) report. M5865 is a sdB star with a Ktype MS companion, the orbital period being ∼ 1.61 days; no system of this kind has so far been found among the field population.
Binaries
Wide binaries involving a hot subdwarf and a MS companion currently attract considerable interest (Vos et al. 2017 (Vos et al. , 2018 because radial velocities can be easily observed for both components, allowing orbital parameters and stellar masses to be determined; Chen et al. (2013) show how these systems may be formed through the RLOF channel, reproducing the observed period distribution and period dependence on mass-ratio. Vos described his ongoing observational studies of wide binaries, for which preliminary reports are available (Vos et al. 2017 (Vos et al. , 2018 . Element abundances are determined for both stars in wide binaries studied to date, and mass accreted by the companion during subdwarf formation found to be negligible. Geier et al. (2010) study rotation periods of hot subdwarfs in binary systems and show rotation is likely to be synchronous if the orbital period is less than ∼ 1.2 days. But later Kepler (Borucki et al. 2010 ) and K2 satellite observations (Baran et al. 2016) show that all seven close binaries with a hot subdwarf component have rotational periods typically an order of magnitude less than the orbital period. Preece described how she modified the 1D STARS code (Eggleton et al. 2011) , which evolves two stars in a binary system together taking the consequent orbital evolution into account, to include tidal interactions; she modelled the evolution of CD −30 ∘ 11223 (Vennes et al. 2012) and PG 1621+476 (Schaffenroth et al. 2014 ), the two binaries with a hot subdwarf having very short orbital periods, and found neither to have rotation synchronised with the orbital motion. Future developments identified by Preece are improved sdB star models, the inclusion of differential rotation and considering the consequences for asteroseismology.
It is important to compare hot subdwarf rotation periods with those of low-mass white dwarfs in binary systems, the topic discussed by Hermes in his talk. Geier & Heber (2012) find single sdB stars, along with those in wide binaries where tidal effects should be negligible, to be slow rotators (v rot < 10 km/s). White dwarfs whose rotation speeds have been determined through asteroseismology using Kepler or K2 data are also slow rotators (Her-mes et al. 2017c, their figure 4), although 10-30 times faster than sdB stars, with the notable exception of the massive white dwarf EPIC 211914185. Hermes et al. (2017c) argue against a binary-merger scenario for the formation of EPIC 211914185, although this would be an obvious explanation for the high rotation rate. Hermes posed the following questions at the end of his presentation: what is the true distribution of rotation rates for sdBs, if many sdBs are mergers why are the rotation rates so slow and what angular momentum transport during the preceding Red Giant Branch evolution is to be inferred?
Two widely separated stars in a binary evolve independently and become a wide double white dwarf binary in which the more massive white dwarf should have had the longer cooling time; for HS 2220+2146, Andrews et al. (2016) find this not to be the case and suggest it was orginally a triple system in which two of the components have merged as Naoz & Fabrycky (2014) and Naoz (2016) explain. The plausibility of such a scenario needs to be tested by application to other systems; this requires more wide binaries to be detected as Andrews et al. (2017) propose. Andrews et al. find (with high confidence) 6196 new wide binaries using the first release of GAIA (Gaia Collaboration et al. 2016) data. Future GAIA data releases, as Andrews explained at the end of his sdOB8 presentation, should lead to the number of known wide binaries being increased by two orders of magnitude.
Kupfer emphasised the importance of studying ultracompact hot subdwarf binaries as the subdwarf could fill its Roche Lobe before becoming a white dwarf. CD −30 ∘ 11223 (Vennes et al. 2012 ) is one such object, as is PTF1 J082340.04+081936.5 (Kupfer et al. 2017b) . Macfarlane et al. (2015 Macfarlane et al. ( , 2017 identify OW J074106.1-294811.0 as a binary having a white dwarf and pulsating sdO star; the orbital period is 44-minutes. A more detailed study should become possible as Kupfer expected the Zwicky Transit Facility (Bellm 2014) to find many more ultracompact hot subdwarf binaries.
La Palombara summarised and updated the Mereghetti & La Palombara (2016) review on x-ray emission from hot subdwarfs, an interest which Israel et al. (1997) initiate with their ROSAT observation of the sdO binary HD 49798, discovering a 13.2-s x-ray spin-period for the white dwarf or neutron star companion. subsequently report a spin-rate increase of (2.15 ± 0.05) × 10 −15 s s −1 , suggesting the unseen companion in the HD 49798 system is a neutron star, although the possibility of it being a white dwarf cannot be excluded on account of an uncertain distance. Mereghetti et al. (2017) do not detect pulsed x-ray emission for BD +37 ∘ 442, an extreme helium sdO star, and deduce that it is a single star.
As the gravitational potential of the Galaxy is not wellknown, hypervelocity stars (HVS) are defined as those having a space velocity exceeding the local escape velocity; they are believed to have been accelerated by an earlier interaction with the black hole at the Galactic Centre, a supernova explosion or a dynamical encounter within a star cluster. A HVS study constrains the dark matter distribution in the Galaxy, leading to a better understanding of galactic evolution. An HVS of particular interest is US 708 (Geier et al. 2015) which is a helium sdO star, another example being SDSS J121150.27+143716.2 which Németh et al. (2016) find to be a sdB star and K3 V star in a wide binary. In her sdOB8 presentation, Ziegerer mentioned further HVS candidates among the hot subdwarf population as Ziegerer et al. (2017) discuss in more detail; further GAIA data releases can be expected to reduce existing uncertainties.
Kreuzer described his method for analysing flux calibrated spectra of double-lined binaries, comprising a hot subdwarf and a MS F/G/K star, formed by RLOF as Chen et al. (2013) demonstrate. Atmospheric parameters and abundances are determined for both stars simultaneously. Synthetic hot subdwarf spectra were taken from Németh et al. (2014) and MS star spectra from Husser et al. (2013) ; after scaling by assumed squared angular radii and shifted by assumed radial velocities, they are added together and compared with the observed spectrum. Atmospheric parameters, abundances, angular radii and radial velocities are then adjusted as the process is repeated and successive synthetic spectra for the hot subdwarf and MS star combined and compared with the observed spectrum; a global minimum in the difference between the two is achieved with the Simplex Algorithm (Kallrath & Linnell 1987) . Schaffenroth et al. (2015) report V2008-1753 as an HW Vir system having a pulsating sdB star with a brown dwarf companion; this led Schaffenroth, in her sdOB8 talk to address the minimum companion mass needed to have ejected an earlier CE. Schaffenroth presented new results from the "Eclipsing Reflection Effect Binaries from the OGLE Survey (EREBOS)" as Soszyński et al. (2016) identify 75 new HW Vir systems in the Galactic Bulge. The main result was the suggestion of a smaller sdB canonical mass (0.28 M ⊙ ), which would give the cool companions in HW Vir binaries a mass-radius relation consistent with Baraffe et al. (2015) .
Baran reported K2 observations of HW Vir and discovered it to be a p-and g-mode pulsator, like 2M 1938+4603 but with smaller amplitudes. On removing thruster firing peaks (4.07 cycles/day) in K2 data, Baran was able to follow Barlow et al. (2012) and determine the secondary eclipse delay (Rømer delay) due to the light-travel time across the companion orbit; a circular orbit implied a mass of 0.25 M ⊙ for the sdB star. There were no residuals attributable to the orbit or multiplets due to tidally locked rotation.
X-Shooter (D'Odorico et al. 2006) spectroscopy of HW Vir was reported by Bours, where the low-mass secondary star irradiated hemisphere was seen in Hα and Mg II λ4481. Radial velocity curves for both binary components were obtained giving M sdB = 0.23 ± 0.004 M ⊙ and M 2 = 0.10 ± 0.002 M ⊙ . The low M sdB would appear to be consistent with Baran's result mentioned above.
The Palomar Transit Factory (Law et al. 2009 ) is discovering several new HW Vir-type binaries. One such object is PTF1 J011339.09+225739.1 which (Kao et al. 2016 ) note for its short period (∼0.093) days. Wolz presented ULTRACAM (Dhillon et al. 2007 ) light curves for PTF1 J011339.09+225739.1, analysed with the Drechsel et al. (1995) eclipsing binary code MORO which takes radiation pressure effects into account, and showed that the primary is a helium-deficient sdB star. An asymmetric reflection effect was identified on either side of secondary eclipse, which could be instrumental.
Vucković drew attention to several posters presented at the conference, which reported new primary eclipse times for a few well-studied post-CE binaries (PCEB); these usually did not correspond with published predictions, based on light travel-time changes caused by circumbinary third bodies. Using a new extreme adaptive optics instrument, Hardy et al. (2015) establish that V471 Tau does not have a circumbinary brown dwarf. For PCEBs with a white dwarf primary, Bours et al. (2016) find evidence of a magnetic mechanism, such as that which Applegate (1992) proposes, as an explanation for long-term eclipse time variations. propose circumbinary disks in PCEBs as an explanation for orbital decay and Vucković suggested the use of ALMA to search for them.
Surveys such SKYMAPPER (Keller et al. 2007 ), VISTA (Dalton et al. 2006) and GAIA are expected, with any existing data (ultraviolet, optical and infrared), to produce spectral energy distributions (SEDs) for a large number of stars and other objects. Heber explained how SEDs could be modelled to identify single and binary sdB stars using synthetic spectra by Németh et al. (2014) and Husser et al. (2013) , a correction for interstellar reddening being applied following Fitzpatrick (1999) . A χ 2 minimisation, with noise taken into account, of the difference between observed and synthetic SEDs gives atmospheric parameters, a helium abundance, an interstellar reddening and angular diameters; combined with astrometry, these give the Galactic population membership.
Low Temperature Dwarfs
Metal-poor low-mass M dwarfs could be companions to sdB stars in HW Vir-type binaries and discussion of them was therefore considered to be relevant at a meeting devoted to hot subdwarfs and related objects. Jao et al. (2008) describe the classification scheme for cool subdwarfs and Lodieu et al. (2017) describe techniques by which these objects are identified. In his sdOB8 talk, Lodieu described a new spectroscopic sdM0 binary for which a preliminary orbit has been determined; the orbital period is ∼ 8 days, the inclination ∼ 83 ∘ and masses were found to be ∼ 0.5 M ⊙ .
An ejected CE, resulting in the formation an HW Virtype binary, could accumulate as a circumbinary ring and be the cause of a rapid orbital decay as propose. SED simulations to identify low temperature dwarfs with dusty rings may therefore be also germane to the study of HW Vir-type binaries. Zakhozhay et al. (2017) 
Supernova Ia Progenitors
Wang described his use of MESA to determine the evolutionary consequences of helium being accreted on to a C/O white dwarf in a binary system, the companion being a helium star. The white dwarf mass increased to the Chandrasekhar Limit (Chandrasekhar 1935 ) but the eventual outcome depended on the rate at which helium is accreted; modest rates led to carbon ignition at the centre and a Type Ia Supernova, whereas high rates led to an offcentre carbon ignition followed by a collapse. Binary population synthesis calculations resulted in a reduced Type Ia Supernova birthrate. Full details are given by Wang et al. (2017a) .
The nature of the mass-donor star leading to a Type Ia Supernova is unclear as Wang & Han (2012) review. Liu made the case in his sdOB8 talk for double degenerate mergers as an origin for Type Ia Supernovae, as there is no conclusive proof that a companion survives a supernova explosion. Ruiter et al. (2013) give a scenario by which two MS stars in a binary evolve to become two C/O white dwarfs, which then merge to give a Type Ia Supernova. An alternative is the merger of a C/O white dwarf with a Herich white dwarf, as Liu et al. (2017) consider.
Pulsation
Miller Bertolami et al. (2011) find variability in LS IV −14 ∘ 116 could be attributed to non-radial g-mode pulsations excited by the ϵ-mechanism. At the sdOB8 Meeting, Battich described her extended study of the ϵ-mechanism; models of stars on or approaching the Extreme Horizontal Branch, that undergo helium shell flashes before the helium core burning phase, were computed and detailed non-adiabatic non-radial calculations based on them. Battich found a new theoretical instability strip, in which period change rates are high; hot subdwarfs located within this strip could be pulsating by the ϵ-mechanism.
Van Grootel reported new photometric time series observations of PG 1219+534 which recovered the four main frequencies Koen et al. (1999) observe; these turned out to be a doublet and three triplets, split due to rotation. An asteroseismic analysis was carried out using"Third Generation Models" by Van Grootel et al. (2013) and unpublished "Fourth Generation Models" which smooth chemical transition profiles by having a double H/He transition and allow C-contamination of the He-mantle. PG 1219+534 turned out to have solid body rotation for the outer 50% of its radius and a very slow rotation period of 34.91 ± 0.01 days, based on two multiplets identified with confidence.
Charpinet discussed rotation in sdB stars as revealed by their oscillations. NY Vir is a pulsating sdB star in a binary system with rotation and orbital motion tidally locked (Charpinet et al. 2008; Van Grootel et al. 2013 ), in contrast with other systems such as KIC 1179657 (Pablo et al. 2012) where the pulsating sdB star rotation is too slow for synchronisation with orbital motion. From the perspective of angular momentum conservation, single pulsating sdB stars like PG 1219+534 are rotating too slowly to have formed from the merger of two orbiting white dwarfs. Slowly rotating sdB stars are expected to evolve into white dwarfs having a consistently slow rotation; PG 0112+104 is a possible example as Hermes et al. (2017b) find a rotation period of 10.2 hours. Angular momentum must then have been lost at the red giant stage when the envelope is removed; this is plausible because Belkacem et al. (2015a,b) show mixed modes transfer angular momentum from inner to the outer layers. Reed et al. (2007) conduct a five-site observing campaign on PG 0048+091, which Koen et al. (2004) identify as a V361 Hya star. Reed et al. identify many frequencies with short pulsation lifetimes and whose properties are consistent with stochastic excitation. In his sdOB8 presentation, Reed reported K2 observations of PG 0048+091; 250 frequencies (g-modes as well as p-modes) were found which did not support the Reed et al. interpretation of stochastic excitation. A rotation period of ∼ 4 days for PG 0048+091 was determined from p-modes in the K2 power spectrum; g-modes having splittings which suggested a much longer rotation period. Østensen et al. (2010) identify KIC 9472174 (2M 1938+4603) as a sdB pulsator in a binary with a M dwarf companion. Baran et al. (2015) analyse the full Kepler dataset and propose a 416 day period for a circumbinary planet as an explanation for the periodic variation in eclipse timings. Østensen reported a further study of the 2M 1938+4603 Kepler dataset at the sdOB8 Meeting; he noted that the binary is tidally locked and the main 2265.8 µHz mode is a triplet within a triplet, the spacings being ∼39 days and ∼300 days. A quintuplet within a quintuplet is also present with the same spacing; these splittings cannot be due to rotation and Østensen showed that it could be understood as sdB pulsator precession and nutation in the gravitational field of the secondary.
Radial velocity observations by Jeffery et al. (2015a) of LS IV −14
∘ 116 recover at least one photometric period in several absorption lines, a pulsation amplitude correlation with line strength suggesting a differentially pulsating photosphere. As a follow-up to the Jeffery et al. study, Martin reported at the sdOB8 Meeting that 355 red and blue arm UVES (D'Odorico et al. 2000) spectra of LS IV −14 ∘ 116 had been obtained. Martin explained that radial velocity curves had been extracted for individual absorption lines and differential photospheric pulsation was being studied by following the motion of different chemical states.
Surveys
Deep Neural Networks (DNN) have an almost unlimited range of applications from speech recognition to the approximation of mathematical functions; Cios (2017) gives a brief history of their development. Boudreux reminded his sdOB8 audience of very large datasets to be generated by future survey missions, from which it would be impossible to extract information by inspection. A suitable DNN, however, could be "trained" to extract significant features from unprocessed data. A high level of accuracy was achieved using DNN to classify, as p-mode or g-mode, synthetic sdB pulsator time series and Boudreux showed DNN to converge faster than other commonly used data analysis methods.
Warren Brown described a recent survey of Extremely Low Mass (ELM) white dwarfs, in which he had been involved and from which Bell et al. (2017) assess the photometric variability of nine objects near the empirical ELM white dwarf instability strip. ELM white dwarfs have 5 < log g < 7, 9000 < T e < 20000 K and are understood to be He-core white dwarfs with M ∼ 0.2M ⊙ ; they would have to be a consequence of binary evolution and found in binary systems, which is generally the case, the companions having M ∼ 0.76M ⊙ on average. Warren Brown summarised the comparison Brown et al. (2017) make with the subdwarf-A (sdA) stars which Kepler et al. (2015 Kepler et al. ( , 2016 discover; these are too luminous to be white dwarfs and cannot then be cooler counterparts of the ELM white dwarfs and must mainly be MS (types A and F) stars in the Galactic Halo as log g appeared to have been overestimated through the use of model atmospheres based on assumed abundances.
While Hermes et al. (2017a) use photometric colours, radial velocities and reduced proper motions to show that 99% of sdA stars are not ELM white dwarfs, Pelisoli gave the possibility further consideration at the sdOB8 Meeting. Pelisoli et al. (2017) rule out the possibility of sdA stars being sdB stars with a MS (F, G or K) companion as GALEX (Morrissey et al. 2007 ) does not detect an expected ultraviolet flux. While the colour-colour diagram does suggest the sdA stars are MS stars, distances and velocities are not consistent with those expected for young objects. Another important point Pelisoli et al. make is the need to include collisional broadening due to neutral hydrogen at sdA star temperatures; for this reason also, log g determinations need improvement. Pelisoli suggested a comparison with evolution tracks (Istrate et al. 2016 ) as a further test of whether sdA stars are He-core objects. Maxted et al. (2013 Maxted et al. ( , 2014 report the discovery of Atype stars in binary systems, where the companion is a disrupted red giant; these A-type stars have very low masses (∼0.2M ⊙ ) and they are identified as pre-ELM He white dwarfs. At the sdOB8 Meeting, Romero tentatively associated the Maxted et al. pre-ELM He white dwarfs, which in some cases pulsate non-radially, with the sdA stars discussed by the previous two speakers. Because sdA stars are not clearly distinguished from MS stars by their uncertain atmospheric parameters, if they are pre-ELM He white dwarfs it should be possible to detect the presence of any He-core using asteroseismology; Romero proposed tools to do this, a preliminary report on this being given by Sánchez Arias et al. (2017) . Werner et al. (1995) identify lines of highly ionised species in the spectra of HE 0504-2408 and HS 0713+395 which cannot have a photospheric origin; they suggest that these lines form in a stellar wind and term the two stars "hot wind white dwarfs". Very deep He II lines found in hot wind white dwarfs, which cannot be modelled as photospheric lines, are common in DO white dwarfs . Reindl et al. (2014) list the eleven hot wind white dwarfs known at the time and provide further discussion. At the sdOB8 Meeting, Reindl presented radial velocity observations for three hot wind white dwarfs which showed them to be variable with periods (0.22 -1.09 days) observed photometrically; the lines of highly ionised species were found to be phase dependent, suggesting they may originate in a companion star.
Evryscope (Law et al. 2015 (Law et al. , 2016 ) is a full-sky gigapixel-scale telescope described by Barlow at the sdOB8 Meeting. High cadence light curves are being obtained (since 2016 August) from the Cerro Tololo InterAmerican Observatory for all accessible objects brighter than V = 16. There are plans for two additional evryscope facilities, one in the western United States and the other in the Arctic. Barlow showed an evryscope light curve for EC 01578-1743 which Kilkenny et al. (2016) identify as a sdB star and is listed as GD 1068 in the proper motion catalogues of Giclas et al. (1975 Giclas et al. ( , 1980 ; the light curve shows it to be a reflection effect binary (sdB+dM).
The Transiting Exoplanet Survey Satellite (Ricker et al. 2015, TESS) is scheduled for launch in 2018 with the view to searching for planetary transits, primarily at the ecliptic poles. KIC 10139564 (Baran et al. 2012; Zong et al. 2016 ) is the only V361-Hya star to have been observed by Kepler in short cadence mode for the duration of the mission. TESS offers an opportunity to obtain additional long-duration (one year) V361 Hya light curves in a short (20 second) cadence mode. Telting reported spectroscopic and high-speed photometric observations of GALEX selected North Ecliptic Pole targets, at the sdOB8 Meeting; of these objects, nineteen had been identified as possible V361 Hya stars, and therefore potential TESS targets, and 2MASS J19335010+5822370 found to pulsate with ∼173-second period. Geier et al. (2017) publish a catalogue of 5613 known hot subdwarfs which updates earlier catalogues by Østensen (2006) and Kilkenny et al. (1988) . Geier described his catalogue at the sdOB8 Meeting and noted that the Galactic Disk was not well-explored for hot subdwarfs and GAIA could be expected to provide new identifications. A future development intended by Geier is the matching with astrometric and photometric data which GAIA is expected to provide, resulting in a homogeneous all-sky magnitude-limited sample of galactic hot subdwarfs which would then be available for a statistical analysis. Astroserver (http://www.astroserver.org) was described by Németh in his sdOB8 presentation; it is a private community supported organisation providing affordable solutions in research astronomy. A primary objective of Astroserver is to promote collaborations for specific projects. Németh listed Vos et al. (2018) , Luo et al. (2016) and Németh et al. (2016) as papers to which Astroserver had contributed.
Blue Large Amplitude Pulsators
Przybilla presented the Kupfer et al. (2017a) study of the extreme helium star BD +10 ∘ 2179. A connection between extreme helium stars and hot subdwarfs is not known to exist but the recently discovered Blue Large Amplitude Pulsators (Pietrukowicz et al. 2017, BLAPs) lie between the two in the T e − log g diagram, hinting at an as yet undiscovered evolutionary link. Irrespective of any evolutionary link, the Kupfer et al. analysis presented by Przybilla is a scholarly study of hot star spectra that, if more widely applied, would benefit hot star research in general. The discovery of fourteen BLAPs was described by Pietrukowicz; these are large amplitude (∼ 0.2 mag.) fundamental mode radial pulsators, as initially judged from light curves resembling those of RR Lyrae stars such as X Arietis. A typical pulsation period is about thirty minutes, T e ∼ 30000 K, log g ∼ 4.6 , the hydrogen and helium abundances being roughly equal by number. Pulsation periods exhibit long-term stability with increasing and decreasing rates of ∼ 10 −7 cycles/year. Pietrukowicz et al. do not find evidence of binarity in their BLAP spectra, identifying prominent Na I D lines as interstellar.
1.10 Fine Structure Constant Dependence on Gravity? show how white dwarf spectra may be used to investigate a possible fundamental constant dependence on the gravitational field, using robust techniques which propose. In his sdOB8 presentation, Bainbridge described measurements of the fine structure constant (α) based on spectral line shifts observed in nine sdB star spectra. Although α turned out to be roughly correlated with log g; this was not significant given the errors.
Related Issues
Inevitably there are relevant issues which were not spoken about in the conference, directly or even indirectly. Three of them are presented here.
Predicted Radial Pulsation Before and After the Helium Flash
Hydrodynamic non-linear radial pulsation calculations (Fadeyev 2017) show that Population I red giants (1.1 M ⊙ M 1.9 M ⊙ ) are fundamental mode radial pulsators, the period attaining a maximum at the tip of the Red Giant Branch. Following the Helium Flash, radial pulsation continues albeit with a period reduced by an order of magnitude. Fadeyev's results require independent verification and confirmation by new observations; if verified, there are implications for red giant envelope loss at the Helium Flash and the formation of sdB stars. Han et al. (2003) propose for the evolution channels they consider. Mourard et al. (2015) and Peters et al. (2016) respectively determine orbital parameters for the binaries φ Persei and HR 2142; these are both Be stars with sdO companions (Be+sdO). Evolution of Be+sdO binaries is understood in terms of the sdO progenitor being a star mas-sive enough to ignite helium in its core, without that core first becoming degenerate and having to undergo a Helium Flash. During the later stages of the sdO progenitor evolution, mass and angular momentum are transferred to the Be companion and its circumstellar disk. SdO components in the φ Persei and HR 2142 binaries have masses below the Chandrasekhar Limit and can evolve on to the white dwarf cooling track. In the case of 60 Cyg, however, the mass is above the Chandrasekhar Limit and its likely future evolution needs further consideration.
Subdwarf-O Star Companions to Be Stars

Astrophysical Opacities
Interpreting observations (colours, spectra and pulsation frequencies) of hot subdwarfs is entirely dependent on astrophysical opacities and the adopted equation of state. Simon's (1982) plea for a reexamination of heavy element opacities in stars led to the Opacity Project (Seaton et al. 1994, OP) and OPAL (Iglesias & Rogers 1996) revisions to the astrophysical opacities then in use. Both OPAL and OP opacities are based on improved equations of state by Rogers & Nayfonov (2002) , , Mihalas et al. (1988) , Däppen et al. (1988) and Mihalas et al. (1990) . As well as ensuring the accuracy of atomic and molecular data used to calculate opacities, it is even more important to correctly identify atomic and molecular processes involved.
Evidence is gradually accumulating which indicates that a further revision of stellar envelope opacities is needed. Pradhan & Nahar (2009) demonstrate how a small opacity increase could resolve the solar abundance problem, which Asplund et al. (2009) review. A further indication from astronomy comes from a study of β Cephei pulsation by Walczak et al. (2017) who show, in the cases of ν Eri, γ Peg and 12 Lac, how an increased opacity would improve the agreement between observed and calculated pulsation frequencies.
A further sign that OP and OPAL opacities need a small increase comes from laboratory measurements by Bailey et al. (2015) . Bailey et al. use the Sandia Z-Facility to create an iron plasma at solar interior conditions found at the base of the convection zone, and measure its opacity by transmission. The contribution of iron to the total opacity that Bailey et al. find is demonstrably higher than OP predictions. For solar composition, the temperature T = 2.11 × 10 6 K and electron density ne = 3.1 × 10 22 cm −3 , Bailey et al. replace the iron contribution to OP opacity with their experimental determination and show that the Rosseland mean opacity is increased by ∼ 1.5% in the wavelength range 7 < λ < 12Å. Nahar & Pradhan (2016) demonstrate how the increased iron opacity, which Bailey et al. observe, may be understood by comparing close coupling calculations of increasing sophistication. Close-coupling equations arise when scattering off systems with internal degrees of freedom is described. In a close coupled treatment of both scattering and photoionisation, the scattering wavefunction is expanded in a complete set of internal states of the system, usually constructed as direct products of the internal states of one (or both) fragments, multiplied by angular functions which describe the rotation of one collision partner about the other.
OP photoionisation calculations for Fe XVII included only the ground complex of Fe XVIII, a 2 LS term expansion of 1s 2 2s 2 2p 5 ( 2 P ∘ ) and 1s 2 2s2p 6 ( 1 S); these configurations, inter-channel couplings and resonance structures were included as a perturbation which does not account for asymmetric autoionisation profiles or coupled core excitations affecting background opacity. Nahar et al. (2011) consider 30 LS terms or 60 coupled fine structure levels up to the n = 3 complex. Nahar & Pradhan (2016) extend the calculation further to include 99 LS terms or 218 fine structure levels up to n = 4. Photoionisation cross-sections of the Fe XVII ground state are compared for the three calculations. Except for differing resolution of resonances, all three photoionisations have similar background cross-sections; the 30CC and 99CC being respectively 2% and 9% above OP. Owing to fine structure splittings and higher resolution, the 30CC calculation shows more prominent resonances than the 99CC calculation.
In contrast to the ground state cross-section, very large enhancements are found for excited state photoionisation cross-sections of Fe XVII. Prominent transition arrays in the Bailey et al. measurement are due to three dominant ionisation states: Fe XVII, Fe XVIII and Fe XIX. The main points from the comparison are: 1) the measured background is consistently higher than OP throughout the energy range Bailey et al. consider, 2) resonances are more broadened in experimental data and 3) the "windows" in theoretical OP opacity between resonance complexes appear to be filled in with higher background opacity. To summarise: empirical astronomical evidence for a modest (∼ 10%) increase in OP and OPAL opacities is supported by laboratory experiment and more sophisticated closecoupling calculations than those adopted by OP.
Anticipated Progress
Presentations, posters and discussion during SDOB8 all identify future work that needs to be carried out. Here I attempt to list what to me are the most important points.
Evryscope
Hot subdwarf research would clearly benefit from a nearly continuous monitoring of known objects, and the discovery of those which have so far escaped detection. The proposed network of evryscopes will produce an unprecedented coverage of all declinations, giving high cadence light curves of all accessible objects for V < 16. If current plans could be extended to place evryscopes at appropriate longitudes in both hemispheres, coverage would only be limited by daylight and weather.
TESS
Kepler has revolutionised the study of variable stars, providing precision photometry and demonstrating the value of nearly continuous monitoring for months. Continuous 20-s cadence observation of ∼50 V361 Hya stars by TESS for a year would provide detailed information about their internal structure, as well the dependence of rotation on latitude and depth; from star to star comparisons it should be possible to determine how these depend on T e , log g and abundances. Vital dynamical information would also be obtained from the study of V361 Hya star precession and nutation in the gravitational field of its companion in cases where these constitute an HW Vir-type binary.
Tidal Locking
There is increasing evidence that hot subdwarf rotation is not necessarily synchronised with orbital motion in HW Vir-type binaries as previously supposed. Circumstances and time-scales over which tidal locking does occur needs further observational and theoretical study.
Canonical Mass
A canonical mass of ∼0.48 M ⊙ is often assumed when using HW Vir-type binary radial velocity curves to deduce the mass of the secondary component. Several HW Vir systems, including HW Vir itself, now appear to host hot subdwarfs with considerably smaller masses (∼0.25 M ⊙ ). Such low masses, if confirmed, would challenge our understanding of CE evolution and further investigation is needed.
MESA
MESA is a state-of-the-art code for all types of stellar evolution calculation; its use is to be encouraged because it has a large and active community of users which means that the code is well tested and errors, once identified, are quickly corrected. Moreover, users of MESA are mutually supporting by providing help and advice. In the context of hot subdwarfs, MESA complements but does not replace successive generations of hot subdwarf star models developed at Montreal, the third generation of which Van Grootel et al. (2013) describe.
A particular difficulty Schindler et al. (2015) find is that computed helium burning cores in sdB stars are smaller than those inferred by asterseismology; they attribute this to an error in the convective mixing in the deep interior which is likely to be related to the treatment of the convective boundary. Arnett et al. (2015) propose replacing the mixing-length treatment of convection with their 321D method, the name being chosen to reflect the projection of three-dimensional simulations down to one dimension and so making them computationally tractable in stellar evolution calculations. In the case of slowly pulsating B stars, Arnett & Moravveji (2017) obtain good agreement between their model core sizes and those inferred from asteroseismology. A more realistic treatment of convection in stellar evolution codes might therefore be achieved by adopting the 321D method.
Blue Large Amplitude Pulsators
V652 Her (Hill et al. 1981; Lynas-Gray et al. 1984; Fadeyev & Lynas-Gray 1996; Jeffery et al. 2015b ) and BX Cir (Montañés Rodríguez & Jeffery 2002; Woolf & Jeffery 2002; Fadeyev & Novikova 2003) are extreme helium stars pulsating in the fundamental radial mode; this along with their position in the T e − log g diagram raises the possibility that they are BLAP progenitors. If so, BLAPs would be expected to have similar masses of ∼0.6 M ⊙ . Ultraviolet and optical spectra are needed to establish luminosity, T e and radius variations with phase; comparing these with non-linear radial pulsation models, following Fadeyev & Novikova for example, gives masses.
Miscellaneous
The origin of sdA stars is another issue discussed at the sdOB8 Meeting. Are sdA stars MS stars (of type A and F) in the Galactic Halo or are they to be identified with pre-ELM He white dwarfs? Another topic in need of further study is the nature of "hot wind white dwarfs"; are these binaries and if not how are their spectra to be explained? Finally, the Roche model was said to be invalid for extreme mass ratios; if so, what model should be adopted in these cases?
